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DESCRIPTION 

In t roduc t ion ,  This  program, REDUCE, reduces t h e  bandwidth and p r o f i l e  

of spa r se  symmetric matrices, us ing  row and corresponding column permutat ions.  

It is  a r e a l i z a t i o n  of t h e  a lgor i thm descr ibed  by t h e  au tho r s  i n  [4]. I t  

was ex tens ive ly  t e s t e d  and compared wi th  several o t h e r  programs [5] and was 

found t o  be  cons iderably  f a s t e r  than t h e  o t h e r s ,  s u p e r i o r  f o r  bandwidth 

reduct ion  and as s a t i s f a c t o r y  as any o t h e r  f o r  p r o f i l e  reduct ion .  

Ou t l ine  of t h e  Method. Only an  o u t l i n e  of t h e  a lgor i thm is given 

here: a d e t a i l e d  d e s c r i p t i o n  can  be found i n  [4]. The a lgor i thm can 

b e s t  be descr ibed  i n  terms of t h e  adjacency graph, G ,  which has  t h e  charac- 

t e r i s t i c  t h a t  t h e r e  i s  an edge i n  G between v e r t i c e s  vi and v i f  

and only i f  a # 0 and i # j .  
j 

i j  

Step 1. Find t h e  endpoints  of a pseudo-diameter; i .e . ,  a p a i r  of 

v e r t i c e s  t h a t  are a t  n e a r l y  maximal d i s t a n c e  a p a r t .  This  is done by a 

f i n i t e ,  i t e ra t ive  process  of determining a v e r t e x  t h a t  is a maximum 

d i s t a n c e  away from a given ver tex .  

S t e p  2. Given pseudo-diameter endpoints  u and v of d i s t a n c e  

L1’ L2, ..., L such 
k 

k a p a r t ,  p a r t i t i o n  t h e  set of v e r t i c e s  i n t o  levels 

t h a t  ad jacen t  vertices i n  G are i n  t h e  same o r  ad jacent  l e v e l s  and 

such t h a t  max IL I is n e a r l y  minimized. i i 

Step 3. Number t h e  v e r t i c e s  of G,  level by l e v e l ,  beginning a t  

an endpoint of t h e  pseudo-diameter. 

Matrix Data S t ruc tu re .  Sparse matrices are t y p i c a l l y  s t o r e d  i n  some 

compact form which t akes  advantage of t h e  s p a r s i t y ,  The d a t a  s t r u c t u r e  

assumed h e r e  j s  one which is commonly used i n  bandwidth and p r o f i l e  schemes; 



e.g., [ l ] ,  [ 2 ] ,  [3] and [6] .  Subroutine REDUCE accepts a s  input a connection 

tab le ,  C, representing the  indices  of t he  nonzero elements of t he  n x n 

matrix A. The connection t a b l e  has n rows and m columns where m 

is t he  number of off-diagonal nonzero elements i n  the  row which has a 

maximum number of off-diagonal nonzero elements ( i . e . ,  the  maximum degree 

of the graph G ) .  The e n t r i e s  i n  row i of C are the column indices  

of t he  nonzero elements i n  row i of the  matrix A. For example, i f  

A =  : 0 j 
X 

where X represents  a nonzero element, then 

c -  

2 

1 

4 

2 I 1 

I 0 

0 

, 

The order of ind ices  i n  a row of C is  immaterial. The nonzero elements 

of t he  matrix A are never needed, only t h e i r  indices.  

Test Results. REDUCE w a s  t es ted  on an IBM System/360 (model 50) 

computer using the FORTRAN I V  G and H compilers and on a CDC 6600 computer 

using the  FORTRAN (RUN) and FORTRAN extended (FTN) compilers. 

In  another paper [ 5 ] ,  the  authors  compared the execution t i m e s ,  band- 

widths and p r o f i l e s  produced by REDUCE with those of f i v e  other  programs 

on a wide range of problems. REDUCE typ ica l ly  produced the smallest 
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bandwidths; i t  produced prof i l e s  which were on average as  small as  those 

for any other program; and REDUCE was faster  than a l l  the others by a t  

least an order of magnitude. 
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IGORITHM 

SUBROUTINE R E O U C E ( N D S T K * N R * I O L D ~ R E N U M * N D E G , L V L , L V L * L V L S ~ ~ L ~ S ~ O  - C C S T O R * I B W E * I P F 2 )  

SUBROUTINE REDUCE DETERMINES A ROW AND COLUMN PERMUTATION WHICH- 
WHEN APPLIEO TO A G I V E N  SPARSE M A T R I X -  PRODUCES A PERMUTED 
MATRIX WITH A SMALLER BANDWIOTH AND PROFILE. 
T m  INPUT ARRAY IS A CONNECTION TABLE WHlCH REPRESENTS THE 
INDICES OF THC NONZERO ELEMENTS OF THE M A T R I X *  A i  THE ALGO- 
RITHM 15 D E S C R I B E D  I N  TERMS OF THE ADJACENCY GRAPH WHICH 
HAS THE C H A R A C T E R I S T I C  THAT THERE IS A N  EDGE (CONNECTION) 
BETWEEN NODES f AND 3 IF  A ( I * J )  *NE. 0 AND I .NE* J.  

D I M E N S I O N I N G  XNPORMAfION--THE FOLLOWING INTEGER ARRAYS MUST 6c 
D I M E N S I O N E D  I N  THE C A L L I N G  ROUTINE. 

NOSTK(NRqO1 1 0 1  IS .CEO MAXIMUM DEGREE OF A L L  NODES. 
IOLD(02) 02 AND NR ARE eGEe THE TOTAL NUMBER OF 
RENUMID2+1 1 NODES I N  THE GRAPH. 
N D E G ( O 2 )  STORAGE REQUIREMENTS CAN BE SlGNlFlCANTLY 
L V L  (02 DECREASED FOR IBM 360 AND 370 COMPUTERS 
L V L S l ( O 2  1 B Y  R E P L A C I N G  INTEGER NDSTK B Y  
CVLSL (02 1 INTEGER*2  NDSTK I N  SUBROUTIFlES REDUCE. 
CCSTOR(D2)  DCREEI FNDIAMI TREE AND NUMBER. 

COPWON [NPORMAflON--THE FOLLOWING COMMON BLOCK MUST 19E I N  THE 
C A L L I N G  R O U T I N E r  

COMWON/GRA/N* IDPTHOID€G 

E X P L A N A T I O N  OF INPUT VARIABLES- -  
NDSTK- CONNECTION T A B L E  REPRESENTING GRAPH. 

NOSTK(IrJ)=NOOE NUMSEER OF JTH CQNNECTlON TO NODE 
NUMBER 1. A CONNECTION OF A NODE TO I T S E L F  IS NOT 
L I S T E D .  EXTRA P O S I T I O N S  MUST H A V E  ZERO FILL. 

NR- ROW DIMENSION ASSIGNED NOSTK 1N CALLING PROGRAM. 
1OLD(I)- NUMBERING OF ITH NODE UPON INPUT. 

N- NUMBER O F  NOOES I N  GRPPH (EQUAL TO ORDER OF M A T R I X ) .  
I DEG- MAXIMUM DEGREE O F  ANY NOOE I N  THE GRPPH. 

I F  NO NUMBERING E X I S T S  THEN IOLD(i)*l. 

EXPLANAT I ON OF OUfPUT VAR 1 ABLES-- 
RENUM ( 1 1- THE N€W NUMBER FOR THE 1TH NOD€. 
NDEGf I 1- THE DEGREE OF THE I f H  NODE. 
I0W2- THE B A N O Y I O T H  AFT€:R RENUMBERING. 
IPF2- SHE P R O F I L E  AFTER R E W M B E R I N G e  
I D P T H -  NUMBER OF L E V E L S  I N  REDUCE L E V E L  STRUCTURE. 

THE FOLLOWING ONLY HAVE MEANING IF THE GRAPH WAS CONNECTED-- 
L V L  ( I  I -  I N D E X  I N T O  L V L S I  TO THE F I R S T  NODE I N  L E V E L  1. 

CVLSt - NOD€ WMBERS L I S T E D  BY LEVEL. 
L V L ( I + I  )-LVLf I ) =  NUMBER O F  N O M S  I N  1TH L E V E L  
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C LVLSE(1)- THE LEVEL ASSIGNED TO NODE 1 BY REDUCE. 
C 

C CCSTOR 
C 
C LOCAL STORAGE-- 
C COMMON/cC/-SUBROUTINES REDUCE* SORT2 AND P I K L V L  ASSUME THAT 
C THE GRAPH HAS AT MOST 50 CONNECTED COMPONENTS. 
C SUBROUTINE FNOIAH ASSUMES THAT THERE ARE AT MOST 
C 100 NODES I N  THE L A S T  LEVEL.  
C CWWON/LVLW0-SUBROUTINES SETUP AND P I K L V L  ASSUME THAT THERE 
C ARE AT MOST 100 LEVELS. 
C 
C 
C USE I N T E C E W Z  NDSTK YZTH A N  l 8 M  360 OR 3700 
C 

I c WORKING STORAGE VARIABLE- 

INTEGER NDSTK 
INTEGER S T N O D E ~ R V N O ~ r R E N U M , X C I S O R T 2 ~ S T N U M ~ C C S T ~ ~ S ~ Z E r S T P T r S ~ U M  
COMMON 0GRA0 N r I D P T H o I D E G  

C 
C IT IS ASSUMED THAT THE GRAPH HAS AT MOST 30 CONNECTED COMPONENTS. 
C 

COMMON / C C /  X C e S I Z E ( 5 O ) e S T P T ( S O )  
D I M E N S I O N  CCSTOR(l)rlOLD(l) 
D l  MENS I O N  NDSTK ( N R r  1 1 r L V L t  I 1 r L V L S l (  1 1 r L V L S 2  ( 1 ) rRENUM( 1 
IBw2nO 
IPFZtO 

DO 10 I S l r N  

rNDEG ( 1 1 

C SET R E N U M ( I ) = O  FOR A L L  I TO I N D I C A T E  NOOE I IS UNNUMBEREO 

RENUMt I ) e 0  
10 CONTINUE 

C 
C COMPUTE DEGREE W EACH NOW AND O R I G I N A L  BANDWIDTH AND PROFILE 
C 

C SBNUMa LOW END OF A V A I L A B L E  NUMBERS FOR RENUMBERING 
C STNUMI H16H EN0 OF A V A I L A B L E  NUMBERS FOR RENUMBERING 

CALL D G R E E ~ N D S T K ~ ~ ~ N D E G ~ I O L D ~ I B W l ~ l P ~ l ~  

SBYlIMP 1 
STNUM'N 

DO 40 I s 1  rN 
C NUMBER THE NODES OF DEGREE ZERO 

1F(NOEG(I).GToO) GO TO 40 

STNUM=STNU*l 
RENUM ( I =STNUM 

40 CONTINUE 

50 LOWOGS I DEG+ 1 
C FIND A N  UNNUMBERED W O E  OF M I N  DECFIEE TO START ON 

W L G =  1 
I S D I R = l  
DO 70 IrlrN 
. tF4NWG!L~*G€.LOWDC)  GQ TQ 70 

t F ( R E N U M ( i ) . C f r b )  GO Tf, ?b 
LOwDG=NMEG( f )  
STNODE= I 

70 CONTINUE 
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C F I N D  PSEUDO-DIAMETER AND ASSOCIATED L E V E L  STRIJCTURES. 
C STNODE AND AVNODE ARE THE ENDS OF T H E  O l A M  AND L V L s l  AND L V L S E  
C ARE THE R E S P E C T I V E  L E V E L  STRUCTURES. 

C A L L  F N D I A M ( S T N O D E I R V N O D E ~ ~ D S T K * N R ~ N D € G * L V L ~ L V L ~ ~ ~ ~ ~ S ~ * C C ~ T O R *  

IF(NOEG(STNODE)oLEmNDEG(RVNODE)) GO TO 75 
C N F L G  I N D I C A T E S  THE END TO BECIN NUMBERING ON 

- 1 D F L T )  

NP LG=-1  
STNODE=RvNODE 

75 C A L L  S E T U P ( L V L * L V L S l  r L V L S 2 )  
C FIND A L L  THE: CONNECTED COMPONENTS ( X C  COUNTS T H E M )  

X C - 0  
L R O O T I  1 
L V L N +  1 
DO 80 I Z I r N  

I F ( L V L ( I ) o N E o O )  GO TO 80 
X C * X C + I  
STPT XC ) 'LROOT 
C A L L  TREE:( I ~ N O S T K * N R , L V L O C C S T O R I " . L V L W T H * L V L ~ O T ~ ~ V L ~ ~ M A X ~ W ~ N )  
S IZE(XC)~LVLBOT+LVLWTH-LROOT 
LROOT=LVLBOT+LVLWTH 
L v L N n L R O O T  

80 CONTINUE 
IF( ! jORT2(DMY) .EQoO)  GO TO 90 
C A L L  P I K L V L ( L V L S 1  r L V L S 2 t C C S T O R *  I D F L T r  I S D I R )  

C ON RETURN FROM P I K L V L v  I S D I R  I N D I C A T E S  THE D I R E C T I O N  THE LARGEST 
C COMPONENT FELL. I S D I R  IS MODIFIED NOW TO I N D I C A T E  THE NUMBERING 
C QIRECT1ONo NUM IS SET TO THE PROPER VALUE FOR T H I S  D IRECTION.  

90 I SDI R= I SDi  R+NFLC 
NUM= SBNUM 
IF  ( I SO 1 R e L T  0 1 
C A L L  NUMBER(STNO0ErNUMrNDSTK * L V L S 2 r N D E G * R E N U M * L V L S l  ~ L V L I N R I N F L G ~  

NUMt  STNUM 

- lBW2*  I P F ~ ~ C C S T O R I  I S D I R )  
c UPDATE STNUM OR SBNUM AFTER NUMBERING 

I F ( I S O I R o L T m 0 )  STNUMxNUM 
XF( ISDXRoGT.0) SBNUMtNUM 
IF(SBNUMmLEoSTNUM) GO TO 50 
IF( lBW2oLEm l 6 W l  ) RETURN 

DO 100 I I l r N  
C IF  O R I G I N A L  NUMBERING IS BETTER THAN NEW ONE* SET UP TO RETURN I T  

R E N U M ( I ) * I O L D ( I )  
100 CONTINUE 

IBw2=IBWl 
IPF2a I PF 1 
RETURN 
END 

7 



SLJ9ROUTIdE D G R E E ~ N D S T K ~ N R ~ N D E G ~ I ~ ~ I I ~ W ~ ~ ~ P F I )  
C 
C DGREE COMPUTES THE DEGREE OF EACH NODE I N  NDSTK AND STORES 
C I f  IN THE ARRAY NDEC. THE BANDWIDTH AND PROFlLE FOR THE ORIGINAL 
C W INPUT RENUMBERING OF THE GRAPH IS COMPUTED ALSO. 
C 
C USE INTEGER*2 NDSTK WITH A N  IBM 360 OR 3700 
C 

1 NTECER NDSTK 
COMMON /GRA/ N I I D P T H ~ I D E G  
DIMENSION NDSTK~NRII ) r N D E C ( l  )rlOLO(I 1 

I P F l t O  
DO 100 I S l r N  

I B w l = O  

NDEGt I ) - 0  
IRW+O 
DO 80 JmIrIDEG 

1 TST=NDSfK t 1 I J ) 
I F ( I T S T )  9 0 r 9 0 r S O  

50 N D E G ( l ) = N D E G ( I ) + l  
1DIF+fOCD(I )-IOLD(ITST) 
IF (  IRWmLTo IDIF) I R W = l D I F  

80 CONTINUE 
90 I P F l = I P F l + I R W  

IF( IRW.GTolBW1 IBWl* lRW 
100 CONTINUE 

RETURN 
END 
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SUBROUT I NE FND I A M  ( SNDl r SND2 r NOSTK r NR rNDEC r L V L  r L V L S l  r L V L S 2  9 
- 1 W K r I D F L T )  

C 
C F N O l A M  1s THE CONTROL PROCEDURE FOR F I N D I N G  THE PSEUDO-DIAMETER OF 
C NOSTK AS WELL A S  THE L E V E L  STRUCTURE FROM EACH END 
C 
C SND1- ON I N P U T  T H I S  IS THE NODE NUMBER OF THE F I R S T  
C ATTEMPT A T  F I N D I N G  A DIAMETER. ON OUTPUT I T  
C CONTAINS THE ACTUAL NUMBER USED. 
C SNDE- ON OUTPUT CONTAINS OTHER EN0 OF DIAMETER 
c L V L S l -  ARRAY C O N T A I N I N G  L E V E L  STRUCTURE W I T H  S N D l  AS ROOT 
c L V L S E -  ARRAY C O N T A I N I N G  L E V E L  STRUCTURE W I T H  SNDE AS ROOT 
C IDFLT- F L A G  USED I N  P I C K I N G  F I N A L  L E V E L  STRUCTUREr SET 
C '1 IF  WIDTH OF L V L S l  O L E O  WIDTH OF L V L S 2 r  OTHERWISE si2 
C L V L r I W K -  WORKING STORAGE 
C 
C USE INTECER*2 NOSTK WITH A N  !EM 360 OR 370. 
C 

INTEGER NDSTK 
INTEGER F L A G * S N D r S N D l r S N D 2  
COMMON /GRA/ N r I D P T H  

C 
C I T  IS ASSUMED THAT THE L A S T  L E V E L  HAS AT MOST 100 NODES. 
C 

COMMON /CC/ NDLST f 1 0 0  ) 
DIMENSION N D S T K ~ ~ R r l ) ~ N O E C ( l ) * L V L ( l ) r ~ V L S I ~ l ) ~ L V L S 2 ~ ~  ) r f W K ( ! )  
FLAGSO 
MTW2sN 
SNDoSND 1 

20 DO 25 1 " l r N  

25 CONTINUE 
L V L N -  1 

C ZERO L V L  TO I N D I C A T E  A L L  NODES ARE A V A I L A B L E  TO TREE 

L V L (  1 )PO 

C DROP A TREE FROM SNO 
C A L L  
I F ( F L A G . C E e 1 )  GO TO 1 1 0  

TREE ( SND r NDSTK I) NR r L V L  I WK NDEG r LVLWTHr  LVLEiOT r L V t N ,  M A X L  W 9 M f W 2  ) 

FLAG= 1 

MTWl =MAXLW 
70 I D P T H = L V L N - l  

C COPY L E V E L  STRUCTUb?E I N T O  L V L S I  
DO 75 I s l r N  

L V L S l ( 1  ) Z L V L (  I )  
75 CONTINUE 

NDXN= 1 
NDXL=O 
M t w 2 s N  
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c SORT LAST LEVEL e y  OEGREE AND STORE IN NWST 
CALL s o R ~ ~ ~ N O L S T ~ l W K ~ L V L B O T ~ ~ ~ D ~ ~ ~ ~ ~ W T ~ ~ ~ D E G ~  
SNO=NDLST( 1 
GO TO 20 

110 IP(1DPTHoGEoLVLN- I )  GO TO I20 
C START AGAIN WITH NEW STARTING NODE 

SNDl *SND 
GO TO 70 

M T  w 2  =MA XL W 
SNOZ=SND 

DO 125 I o l 9 N  

1 2 0  IF(MAXLWmCEoMTW2) GO TO 130 

C STORE NARROWEST REVERSE LEVEL STRUCTURE I N  L V L S 2  

L V L S ~  PLVL( I )  
125 CONTINUE 
130 IP(NDXNoEOoNDXL) 60 TO 140 

C TRY NEXT NODE I N  NDLST 
NDXN=NDXN+ 1 
SND=NDLST(NDXN) 
GO TO 20 

lF(MTW2otEoMTW1 ) IOFLTm2 
RETURN 
END 

140 IDFLT ' I  
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBROUTIF(€ T R E E ~ I R O O f ~ N D S T K , N R ~ L V L I  IWKINDEGILVLWTH*LVLBOT+ 
-LVLNeMAXLW* IBORT 1 

TREE DROPS A TREE I N  NDSTK FROM IROOT 

L V L -  ARRAY I N O I C A T I N G  A V A I L A B L E  NODES I N  NDSTK WITH ZERO 
ENTRIES.  TREE ENTERS L E V E L  NUMBERS ASSIGNEQ 
D U R I N G  E X E C U T I O N  OF THIS PROCEDURE 

I WK- QN OUTPUT CONTAINS NODE NUMBERS USED I N  TREE 
ARRANGED B Y  L E V E L S  ( I WK ( L V L N  1 CONTA I NS I ROOT 
AND I W K ( L V L B O T + L V L W T t i - I )  C O N T A I N S  L A S T  NODE ENTERED) 

L V L  W TH- ON OUTPUT CONTAINS WIDTH OF L A S T  L E V E L  
L V L 6 0 T -  ON OUTPUT CONTAINS INDEX I N T O  IWK OF F I R S T  

MAXLW- ON OUTPUT CONTAINS THE MAXIMUM L E V E L  W I D T H  
L V L N -  ON I N P U T  THE F I R S T  A V A I L A B L E  L O C A T I O N  I N  IWK 

NODE I N  L A S T  L E V E L  

USUALLY ONE 6 U T  IF IWK I S  USED TO STORE P R E V I O U S  

ON OUTPUT THE TOTAL NUMBER OF L E V E L S  + 1 
CONNECTED COMPONENTS* L V L N  IS NEXT A V A I L A B L E  LOCATION. 

IBORT-  I N P U T  PARAM WHICH TRIGGERS EARLY RETURN IF 
C 
C 
C USE 
C 

30 
35 

40 

MAXLW BECOMES .CEO IBORT 

INTEGER*E NDSTK W I T H  A N  I B M  360 OR 3700 

INTEGER NOSTK 
D I M E N S I O N  NDSTK (NRI 1 B , LVL  f 1 1 9 I WK ( 1 ) ,NDEG( 1 ) 
MAXLwsO 
1 T O e r L V L N  
INOW=LVLN 
LVLROT *LVLN 
L V L T O P = L V L N + I  
L V L N o  1 
L V L t I R O O T ) = l  
IWKtITOP)=1ROOT 
L V L N  =L V U +  1 
I WKNOW- 1 WK t 1 NOW 1 
NOROw=NOEG ( 1 WKNOW 1 
DO 40 J~1,NDROW 

ITEST=NDSTK( IWKNOWIJ)  
IF  ( L V L  1 TEST 1 oNE.0 ) GO T O  40 

I TOPS 1 TOP+ 1 
L v L ( I T E S T ) = L V L N  

IwK(IT0P)~ITESf 
CONT I NUE 
INOW=INOW+l 
I F t I N O W o L T e L V L T O P )  GO TO 35 
LVLWTH*LVLTOP-LVLBOT 
1EA~hXLW.LToLVLWJH) MAXLWILVLWTH 
IF(MAXLWoGE. tBoRf )  RETURN 
I F (  I T O P O L T O L V L T O P ~  RETURN 
LVLBOTPINOW 
L V L T O P = I T O P + l  
GO TO 30 
END 
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S U 6 R W T I y E  SORTDC(STKIrSTKZrXlrX2rND€G) 
C 
C SORTOG SORTS STK2 BY DEGREE OF THE NODE AND ADDS I T  TO THE END 
C OF STK1 I N  ORDER OF LOWEST TO HIGHEST DEGRQEo X I  AND X 2  ARE THE 
C NUMBER O f  NODES I N  STK1 AND STK2 RESPECTIVELY, 
C 

10 

30 

90 

50 

INTEGER X l r X e r S T K l r S T K Z r T E M P  
COMMON /GRA/ Ng IDPTH 
DIMENSION NDEG(1 I r S T K 1  ( l ) r S T K i l ( l  
fNDZX2 
I T E S t r O  
INDa IND-1 
I F ( 1 N D ~ L T o I )  GO TO 40  
00 30 I ~ l o I N D  

J=I+I 
I S T K 2 = S f K 2 ( l )  
JSTKZoSTKe! (4 
1 F ~ N O E C ( 1 S T K ~ ) o L E o N D E G ~ J S T K ~ ) )  GO TO 30 
ITEST-1 
TEMP*STK2( t j 
S T K 2 ( I ) + S T K L ( J )  
SfK2 (3  1 +TEMP 

CONT I NU€ 
i F ( I T E S T o E Q o 1 )  GO TO 1 0  
00 so w r x 2  

x1 = X I  +1 
STKI  ( X I  )+STK2f 1 )  

CONT INUE 
RETURN 
END 
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SU8ROUf  IN€ S E T U P ( L V L  r L V L S l  q L V L S 2  ) 
C 
C SETUP COMPUTES THE REVERSE L E V E L I N G  INFO FROM L V L S E  AND STORES 
C If I N T O  LVLSE.  N A C U M ( 1 )  IS I N I T I A L I Z F O  TO N O D E S / I T H  L E V E L  FOR NODES 
C ON THE PSEUDO-DIAMETER OF THE GRAPH. L V L  IS I N I T I A L I Z E D  TO NON- 
C ZERO F O R  NODES ON THE PSEUDO-DIAM AND NODES I N  A D I F F E R E N T  
C COMPONENT OF THE GRAPH. 
C 

C 
c I T  
C 

30 

100 
1 4 0  

COMMON /CRA/ N * I DPTH 

15 ASSUMED THAT THERE ARE AT MOST l r ; ;  LEVELS. 

COMMON /LVLW/ NHlGH( 100) rNLOW( 100 1 rNACUM( 100 1 
D l M E N S I O N  L V L ( 1  ) r L V L S I  ( 1  ) r L V L S 2 ( 1 )  
DO 30 I=l*IDPTH 

CON1 I NU€ 
DO 140 ItlrN 

L V L (  I ) E 1  
L v L S E t I  ) = I D P T H + l - L V L S 2 ( 1 )  
I T E M P x L V L S 2  ( I ) 

I F ( I T E M P e G T ~ 1 D P T H )  GO TO 140 
I F (  I T E M P e N E e L V L S l  ( 1  1 )  GO TO 1 0 0  
NACUM ( I TEMP ) =NACUM ( I TEMP )+  1 
GO TO 140 
L V L t  I ) = O  

NACUM( 1 1 1 0  

CONT I NUE 
RETURN 
END 

13 



INTEGER FUNCTION SORTE(0MY) 
C * 
C SORT2 SORTS SIZE AND STPT INTO DESCENOING ORDER ACCORDING TO 
C VALUES OF SIZE. XCzNUMBER OF ENTRIES I N  EACH ARRAY 
C 

C 
c I T  
C 

1 0  

I 7  

INTEGER TEMP,CCSfORrStZerSfPTrXC 

I S  ASSUMED THAT THE GRAPM HAS AT MOST 50 CONWCTED COMPONENTSO 

COMMON /CC/ X C ~ S I Z E ( S O ) , S T P T I S O )  
SORT2tO 
IF(XC.EQ.0)  RETURN 
SORT2-I 
INOoXC 
I T E S P O  
I NO= I Nb-1 
I F ( ~ N D ~ L T e 1  ) RETURN 
00 17 I@lrIND 

J a I + I  
IF(SIZE(1 )oGEeSI?!E(J)) GO TO 1 7  
ITEST-1 
TEMP+SIZEt 1 )  
S I Z E (  1 )rSIZE(J) 
SIZE f 3)  *TEMP 
TEMP=STPT( 1 )  
STPT(I ) -STPT(J)  
STPT f J 8 -TEMP 

CON1 I NUE 
I P ( 1 T E S T . E Q . l )  GO TO 10 
RETURN 
END 
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SUBROUT1,NE P I K L V L ( L V L S 1  *LVLSZICCSTOR* lDFLTr I S D I R )  
C 
C P I K L V L  CHOOSES THE LEVEL STRUCTURE USED I N  NUMBERING GRAPH 
C 
c L V L S I -  ON INPUT C O N T A I N S  FORWARD L E V E L I N G  INFO 
c L V L S 2 -  ON I N P U T  C O N T A I N S  REVERSE L E V E L I N G  fW0 
C ON OUTPUT THE F I N A L  LEVEL STRUCTURE CHOSEN 
C CCSTOR- ON I N P U T  C O N T A I N S  CONNECTED COMPONENT I N F O  
C IOFLT-  ON I N P U T  =I IF WDTH L V L S l * W D T H  LVLS2r p2 OTHERWISE 
C N H I G H  KEEPS TRACK OF LEVEL WIOTHS FOR H I G H  NUMBERING 
c NLOW- KEEPS TRACK OF LEVEL WIDTHS FOR LOW NUMBERING 
C NACUM- KEEPS TRACK O F  L E V E L  WIDTHS FOR CHOSEN L E V E L  STRUCTUF;?E 
c xc- NUMBER O F  CONNECTED COMPONENTS 
C S I Z E ( 1 ) -  S I Z E  OF I T H  CONNECTED COMPONENT 
C S T P T ( 1 ) -  I N D E X  I N T O  CCSTORE OF 1ST NODE I N  I T H  CON COMPT 
C I S D I R -  F L A G  WHICH I N D I C A T E S  WHICH WAY THE LARGEST CRNNECTEO 
C COMPONENT FELL. = + I  I F  LOW AND - I  1F H I G H  
C 

JNTEGER C ~ S T O R r S I Z E t S T P T r X C t E N D  
COMMON /GRA/ NIIDPTH 

C 
C I T  IS ASSUMED T H A T  THE GRAPH HAS A T  MOST 50 COMPONENTS AND 
C THAT THERE ARE A T  MOST 100 LEVELS.  
C 

COMMON /LVLW/ N H I C H ~ 1 ~ 0 ~ r N L O W ~ 1 0 0 ) r N A C U M ~ ~ O O )  
COMMON /CC/ X C r S I Z E ( 5 0 ) r S T P T ( S O )  
DIMENSION L V L S l  I 1  ) * L V L S 2 ( 1  ) r C C S T O R f  1 )  

DO 270 IflrXC 
J = S f P T (  I )  
END=SIZE( I )+J-l 

DO 205 K-1  IDPTH 

C FOR E A C H  CONNECTED COMPONENT DO 

C SET NHIGH A N 0  NLOW EQUAL TO NACUM 

NHI GH f K ) SNACUM (K ) 
NCOW(K)=NACUM(K)  

205 C O N T t N U E  
C UPOATE N H l G H  A N 0  K O W  FOR EACH NODE I N  CONNECTED COMPONENT 

210 

c SET 
c SET 

240 

00 210 K e J r E N O  
INODE=CCSTOR(K)  
L V L N H + L V L S l  4 INODE 1 
NHICH(LVLNH)=NHIGH(LVL")+I 
L V L N L S L V L S ~  ( I NODE 1 
N L O W ( L V L N L ) t N L O W ( L V L N L ) + l  

CON1 I NU€ 
MAX1 SO 
MAXZ=O 

MAXI=LARGEST NEW NUM6ER IN NHIGH 
MAXZsLARGEST NEW NUMBER I N  &OW 

bo 246 K m i  rlDP'f).(  
I F ~ 2 * N A C U M ( K ) o E Q o N L O W ( K ) + N H l G ~ ( K ) )  GO TO 240 
I F ( NH I GH (K ) O C T O  MAX1 I 
IF  f NLOW ( K  1 oCToMAX2 1 

MAX 1 =NH I GH (K  ) 
MAXZ=NLOW (K ) 

CONT I NUE 
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C SET I T =  NUMBER OF LEVEL STRUCTURE TO BE USED 

.MAX2 1 I T p 2  
o M A X 2 )  I T * I D F L T  
# GO TO 265 

lT=l 

I I C ( I o E O e 1 J  1SDfRu-I 
C COPY LVLSl I N T  L V L S 2  fOC) EACH NODE IN CONNECTED COMPONENT 

DO 262 KW r I D P T H  

GO TO 270 ~ 

NACUHtK Y = N H I G H ( K )  
262 CONTINUE: 

C WOATE NACUM TO BE THE SAME AS NLOW 

267 CONTINUE 
270 CONTINUE 

RETURN 
EN0 I 
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SUBROUT I NE NUMBER t SNOr NUMr NDSTK r L V L S 2  o N D E G ~  RENUM r CVLST r L S T P T  r NR r 
-NFCC~fBW2~lPF2rIPFA~ISDIR) 

C 
C NUMBER PRODUCES THE NUMBERING OF THE GRAPH FOR MIN BANDW1DTH 
C 
C SND- ON I N P U T  THE NODE TO B E G r N  NUMBERING ON 
C NUM- ON I N P U T  AND OUTPUTr THE NEXT A V A I L A 6 L E  NUMBER 
c L V L S 2 -  THE L E V E L  STRUCTURE TO BE USED I N  NUMBERING 
C RENUM- THE ARRAY USE0 TO STORE THE NEW NUMBERING 
C L V L S T -  ON OUTPUT CONTAINS L E V E L  STRUCTURE 
C L S T P T ( 1 ) -  ON OUTPUT* INDEX I N T O  L V L S T  TO F I R S T  NODE I N  I T H  L V L  
C L S T P T ( I + l )  - L S T P T t I )  f NUMBER OF NODES I N  ITH L V L  
C NFLG- = i l  IF  SND IS FORWARD END OF PSECJDO-DIAM 
C =-1 IF SND IS REVERSE END OF PSEUDO-01AM 
C 18W2- BANDWIDTH OF NEW NUMBERING COMPUTED B Y  NUMBER 
C 1PF2- P R O F I L E  OF NEW NUMBERING COMPUTED B Y  NUMBER 
C I P F A -  WORKING STORAGE USED TO COMPUTE P R O F I L E  AN0 BANDWIDTH 
C ISDIR- I N D I C A T E S  S T E P  D I R E C T I O N  USED IN N U M B E R I N G t + l  OR - 1 )  
C 
C USE INTEGER*2 NDSTK WITH AN I E M  360 OR 370. 
C 

INTEGER NOSTK 
INTEGER S N D ~ S T K A ~ S T K B I S T K C O S T K D ~ X A ~ X B ~ X C ~ X D ~ C X ~ E N D ~ R E N ~ ~ T € S T  
COMMON /GRAY Nt I D P T H r I O E C  

C 
C THE STORAGE I N  COMMON BLOCKS CC AND LVLW IS NOW FREE AND CAN 
C BE USED FOR STACKS. 
C 

COMMON /LVLW/ STKA ( 100) r S T K B  ( l o 0  I rSTKC ( 100) 
COMMON /CC/ S T K D t  100 ) 
DIMENSION IPFA(1) 
D I M E N S I O N  N D S T K ( N R r  1 l r L V L S 2  ( 1  ) r N D E G (  1 1 rRENtJM( 1 ) r L V L S T ( 1  

DO 3 ? " l r N  

t L S T P T (  1 ) 
C SET UP L V L S T  A N 0  L S T P T  FROM L V L S 2  

S P F A (  I )SO 
3 CONTINUE 

NSTPT= 1 
DO 5 I=lrIDPTH 

DO 5 J * l r N  
LSTPT t 1 )=NSTPT 

I F ( L V L S 2 t J ) r N E . I )  GO TO 5 
L V L S T ( N S T P T ) = J  
N S T P T = N S T P f +  1 

L S T P T  t I WTH+ I 1 =NSTPT 
5 CONTINUE 

. 
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C 

C 

C 

C 

C 

C 
C 

STKAo STKBI STKC A N 0  STKD ARE STACKS WITH P O I N T E R S  
XA+XB*XC,  AND Do CX 1s A S P E C I A L  P O I N T E R  INTO STKC WHICH 
J N D I C A T E S  THE ARTICWLAR NODE BEING PROCESSED. 
LVLN KEEPS TRA K OF THE L E V E L  WE A 6 E  WORKIMIG A l ' o  
I N I T I A L L Y  STKC C O N T A I N S  ONLY THE I N I T I A L  NODE. SNDo F 

0 L V L N n O  
I F ( N F L G o L T e  3 L V L N ~ I D P T H + I  
XC=1 
STKC 4 XC ) +SNF 

1 0  C X = l  

CVLN=LVLN+N F L G  
XD'O 

B E G I N  PROCESSING NODE S T K C t C X )  
20 

END*NbeG ( 1 
XA=O 
xe=a ~ 

CHECK ALL ADJACENT NODES 

OR ALREADY ON A STACK ARE ADDEO 
! F t I N Y o E Q  0 )  GO TO 30 
Z F ( I N X e L T f 0 )  GO TO 50 

DO P R E L I M I N A R V  BANDWIOTH AND P R O F I L E  CALCULATIONS 
( ! P R O 1 - I N X ) + 1 S D I R  
T O O )  I N X = R E N U M ( I P R O )  
X ) oLToNBW 1 IF ( I P F A  ( I 

30 R€NUM(TES 
PUT N O E S  ON S ON S T K A r  A L L  OTHERS ON STK8 

IPFA ( f N X  )=NEW 
GO TO 50 7 
I F ( L V L S Z ( t E S T ) o E Q o L V L S e ( l P R O ) )  GO TO 40 
X 8 a X B t  1 

GO TO SO 

S T K A ( X A ) o T E S I  
96 XA=XA+I  

PI0 COHTZNUE 1 
SORT STKA AND $TKB I N T O  I N C R E A S I N G  DEGREE A N 0  ADD STKA TO STKC 
A N 0  STKB TO ST40 

IP (XAoEQ.0 )  GO TO 55 
I F t X A o E Q o I )  GO TO 52 

GO TO 55 
C A L L  S O R T ~ G  i STKC STKA xc . X A  . NDEG 

52 XC=xC+ l  I 
STKC (XC 1 =STKA ( X A  1 

55 I F ( X B o E Q o 0 )  IGO TO 65 
IF (XBoEQ.1 )  GO TO 62 
CALL SORT% S T K D O S T K B I X D ~ X B ~ N O E G )  
GO TO 65 1 

( ~ a  X D * ~ + I  
STKDIXD)-ST~E(XB) 
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BE SURF TO PROCESS ALL N O E S  I N  STKC 
65 CX=CX+I 

I F ( X C o C E v C X )  GO TO 20 
WHEN STKC fS EXHAUSTED LOOK FOR M I N  DEGREE NODE I N  SAME LEVEL 
WHICH HAS NOT BEEN PROCESSED 

MAX= tOEC+ 1 
SND=N+ 1 
DO 70 IsLSTqLND 

TEST'LVLST ( I 1 
1F(RENUW(TEST)oNEoO) GO TO 70 
IF (NDEG (TEST)  eGEoMAX) GO TO 70 
RENUM (SND 1 PO 
REMJM ( TEST 1 0 -  I 
M A X = N W G ( T E S T  1 
SND=TEST 

70 CONTINUE 
I F ( S N D o E Q o N + l )  GO TO 75 
x c = x c + 1  
STKC(XC)+SNO 
GO TO 20 

IF STKD IS EMPTY WE ARE DONE, OTHERWISE COPY STKD ONTO STKC 
AND BEGIN PROCESSING NEW STKC 
75 I F ( X D e E Q e 0 )  GO TO 100 

DO 80 I S l r X D  
S T K C ( I ) = S T K D ( I )  

80 CONTINUE 
XC=XD 
GO TO 10 

100 DO 120 I J l o N  
DO F I N A L  BANDWIDTH AND PROFILE CALCULATIONS 

I F (  I P F A  ( I  ) D G T o  IBW2) 
I P F 2 = l P F 2 + I P F A ( f )  

IBW2=lPFA( I ) 

120 CONTINUE 
RETURN 
END 
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